Empirical Model Development for Predicting Shock Response on Composite Materials Subjected to Pyroshock Loading by Collins, Brian W. et al.
    
July 2015 
NASA/TM2015-218781/Volume II/Part 1 
NESC-RP-12-00783 
                                                                                                        
 
Empirical Model Development for Predicting 
Shock Response on Composite Materials 
Subjected to Pyroshock Loading 
Appendices 
Steven J. Gentz/NESC 
Langley Research Center, Hampton, Virginia 
David O. Ordway, David S. Parsons, Craig M. Garrison, C. Steven Rodgers, and Brian W. Collins 
Marshall Space Flight Center, Huntsville, Alabama 
 
 
 
 
 
 
 
https://ntrs.nasa.gov/search.jsp?R=20150017051 2019-08-31T06:21:04+00:00Z
  
NASA STI Program . . . in Profile 
 
Since its founding, NASA has been dedicated to the 
advancement of aeronautics and space science. The 
NASA scientific and technical information (STI) 
program plays a key part in helping NASA maintain 
this important role. 
 
The NASA STI program operates under the 
auspices of the Agency Chief Information Officer. 
It collects, organizes, provides for archiving, and 
disseminates NASA’s STI. The NASA STI 
program provides access to the NTRS Registered 
and its public interface, the NASA Technical 
Reports Server, thus providing one of the largest 
collections of aeronautical and space science STI in 
the world. Results are published in both non-NASA 
channels and by NASA in the NASA STI Report 
Series, which includes the following report types: 
 
 
 TECHNICAL PUBLICATION. Reports of 
completed research or a major significant phase 
of research that present the results of NASA 
Programs and include extensive data or 
theoretical analysis. Includes compilations of 
significant scientific and technical data and 
information deemed to be of continuing 
reference value. NASA counter-part of peer-
reviewed formal professional papers but has 
less stringent limitations on manuscript length 
and extent of graphic presentations. 
 
 TECHNICAL MEMORANDUM. Scientific 
and technical findings that are preliminary or of 
specialized interest, e.g., quick release reports, 
working papers, and bibliographies that contain 
minimal annotation. Does not contain extensive 
analysis. 
 
 CONTRACTOR REPORT. Scientific and 
technical findings by NASA-sponsored 
contractors and grantees. 
 
 
 
 
 CONFERENCE PUBLICATION. 
Collected papers from scientific and 
technical conferences, symposia, seminars, 
or other meetings sponsored or  
co-sponsored by NASA. 
 
 SPECIAL PUBLICATION. Scientific, 
technical, or historical information from 
NASA programs, projects, and missions, 
often concerned with subjects having 
substantial public interest. 
 
 TECHNICAL TRANSLATION.  
English-language translations of foreign 
scientific and technical material pertinent to  
NASA’s mission. 
 
Specialized services also include organizing 
and publishing research results, distributing 
specialized research announcements and feeds, 
providing information desk and personal search 
support, and enabling data exchange services. 
 
For more information about the NASA STI 
program, see the following: 
 
 Access the NASA STI program home page 
at http://www.sti.nasa.gov 
 
 E-mail your question to help@sti.nasa.gov 
 
 Phone the NASA STI Information Desk at  
757-864-9658 
 
 Write to: 
           NASA STI Information Desk 
           Mail Stop 148 
           NASA Langley Research Center 
           Hampton, VA 23681-2199
 National Aeronautics and  
Space Administration 
 
Langley Research Center   
Hampton, Virginia 23681-2199  
    
July 2015 
NASA/TM2015-218781/Volume II/Part 1 
NESC-RP-12-00783 
                                                                                                        
 
Empirical Model Development for Predicting 
Shock Response on Composite Materials 
Subjected to Pyroshock Loading 
Appendices 
Steven J. Gentz/NESC 
Langley Research Center, Hampton, Virginia 
David O. Ordway, David S. Parsons, Craig M. Garrison, C. Steven Rodgers, and Brian W. Collins 
Marshall Space Flight Center, Huntsville, Alabama 
 
 
 
 
 
 
 Available from: 
 
NASA STI Program / Mail Stop 148 
NASA Langley Research Center 
Hampton, VA  23681-2199 
Fax: 757-864-6500 
Acknowledgments 
 
The team would like to acknowledge the following for providing their expertise: 
Dr. Curt Larsen/Johnson Space Center (JSC), of the NESC, for championing the 
Pyroshock Characterization of Composites task. 
Mr. Ken Johnson/MSFC for his tireless support statistically analyzing the post-
processed acceleration data. 
Mr. Lee Allen/MSFC for supporting Ken Johnson in statistically analyzing the 
post-processed data 
Ms. Barbara Breithaupt/MSFC for post-processing the pseudo-velocity data. 
Mr. Justin Jackson/MSFC for providing his expertise in composite test panel 
fabrication. 
 
 
 
 
 
 
 
 
 
 
 
 
 
The use of trademarks or names of manufacturers in the report is for accurate reporting and does not 
constitute an official endorsement, either expressed or implied, of such products or manufacturers by the 
National Aeronautics and Space Administration. 
 NASA Engineering and Safety Center  
Technical Assessment Report  
Document #: 
NESC-RP-
12-00783 
Version: 
1.0 
Title: 
Empirical Model Development for Predicting Shock Response on 
Composite Materials Subjected to Pyroshock Loading 
Page #: 
1 of 793 
 
NESC Request No.: TI-12-00783 
 
 
 
 
 
 
 
 
Empirical Model Development for Predicting Shock Response on Composite 
Materials Subjected to Pyroshock Loading 
 
 
 
Volume II: Appendices 
 
Part 1 
 
 
 
April 16, 2015 
 
 
 
 
 NASA Engineering and Safety Center  
Technical Assessment Report  
Document #: 
NESC-RP-
12-00783 
Version: 
1.0 
Title: 
Empirical Model Development for Predicting Shock Response on 
Composite Materials Subjected to Pyroshock Loading 
Page #: 
2 of 793 
 
NESC Request No.: TI-12-00783 
Table of Contents 
 
Technical Assessment Report Volume 2; Part 1 
Appendix A. Composite Test Panel Fabrication ..................................................................... 3 
A1 Drawings ............................................................................................................................. 3 
A2 Composite Panel Materials ............................................................................................... 25 
A3 Fabrication ........................................................................................................................ 79 
Appendix B. Pyroshock Test Reports ................................................................................... 184 
B1. Pathfinder Tests .............................................................................................................. 184 
B2. Group I (Monolithic Panel Tests) ................................................................................... 315 
 
 
 
 NASA Engineering and Safety Center  
Technical Assessment Report  
Document #: 
NESC-RP-
12-00783 
Version: 
1.0 
Title: 
Empirical Model Development for Predicting Shock Response on 
Composite Materials Subjected to Pyroshock Loading 
Page #: 
3 of 793 
 
NESC Request No.: TI-12-00783 
Appendix A. Composite Test Panel Fabrication 
A1 Drawings 
The following figures (Figure A1 through Figure A13) illustrate the Engineering drawings 
created to fabricate the pyroshock characterization of composite test panels and test support 
hardware.
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Figure A1.  Al Pathfinder Panel 
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Figure A2.  IM7/R913 Composite Pathfinder Panel 
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Figure A3.  Al Linear Shaped Charge Plate 
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Figure A4.  LSC Backing Plate 
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Figure A5.  LSC Shim, 10 gpf 
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Figure A6.  LSC Shim, 22 gpf 
 NASA Engineering and Safety Center  
Technical Assessment Report  
Document #: 
NESC-RP-
12-00783 
Version: 
1.0 
Title: 
Empirical Model Development for Predicting Shock Response on 
Composite Materials Subjected to Pyroshock Loading 
Page #: 
12 of 793 
 
NESC Request No.: TI-12-00783 
 
NASA Engineering and Safety Center 
Technical Assessment Report 
Document #: 
NESC-RP-
12-00783 
Version: 
1.0 
Title: 
Empirical Model Development for Predicting Shock Response on 
Composite Materials Subjected to Pyroshock Loading 
Page #: 
13 of 793 
NESC Request No.: TI-12-00783 
NASA Engineering and Safety Center 
Technical Assessment Report 
Document #: 
NESC-RP-
12-00783 
Version: 
1.0 
Title: 
Empirical Model Development for Predicting Shock Response on 
Composite Materials Subjected to Pyroshock Loading 
Page #: 
14 of 793 
NESC Request No.: TI-12-00783 
Figure A7.  Monolithic Composite Test Panel, Tests 1 – 5 
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Figure A8.  Monolithic Composite Test Panel, Tests 6 – 10  
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Figure A9.  Sandwich Composite Test Panel, Group II 
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Figure A10.  Sandwich Composite Test Panel, Group III 
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Figure A11.  Composite LSC Test Plate 
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Figure A12.  Melamine Acoustic Barrier Foam  
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Figure A13.  LSC Splice Plate Drawing, 22 gpf LSC 
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A2 Composite Panel Materials 
A2.1 Pathfinder Composite Panels 
A series of five pathfinder tests, which were not included in the baseline T12-00783 task 
assessment plan (see Table 7.0-1).  The objective for performing these tests was to validate the 
physical test setup and the DAS prior to embarking on the baseline tests.  The first two tests 
utilized 5052 Al alloy plate with a thickness of 0.187 inches.  The material properties for the 
IM7/R913 are shown in Figure A14.  
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Figure A14.  Hexcel IM7/R913 Material Properties 
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A2.2 Task Baseline Composite Panels 
The IM7/TC350 composite material manufactured by TenCate Advanced Composites was 
chosen for fabrication of the task baseline composite test panels.  The material is a 350°F 
toughened epoxy resin system for structural advanced composite applications, which include 
space structures. The composite is available in both tape and fabric prepreg formats.  This 
material was chosen over the more commonly used IM7/977-3 composite material for aviation 
and aerospace applications primarily due to long lead time for procurement (29 weeks).  The 
material properties of TC350 (shown in Figure A15) and 977-3 (provided herein for reference in 
Figure A16) are similar. 
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Figure A15.  TenCate IM7/TC350 Material Properties 
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Figure A16.  Cycom IM7/977-3 Material Properties 
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The Group I monolithic composite panels were fabricated using both tape ply and fabric ply in 
thicknesses of 0.20 inches and 0.30 inches.  Depending upon the type of ply used (tape or fabric) 
and the desired panel thickness determines the number of plies required for composite layup.  As 
a rule of thumb, the typical thickness for the tape ply is approximately 0.0055 inches and for the 
fabric ply, the typical thickness is approximately 0.011 inches.  For the 0.20-inch-thick tape ply 
panel 38 plies were used and 54 tape plies were used for the 0.30-inch-thick tape ply panel.  For 
the 0.20-inch-thick fabric ply panel 18 plies of fabric ply were used and for 0.30-inch-thick 
fabric ply panel 27 fabric plies were used.  For the monolithic panels the ply layup was either 
unidirectional (0° (longitudinal with regard to the panel length)) or symmetrically quasi-isotropic 
(45°/-45°/0°/0°/45°/-45°/90°/90°)n.   
For test Groups II and III, composite sandwich fill panels were fabricated.  Two fill materials 
were chosen for the sandwich panels, which are typically used for aerospace applications; Al 
honeycomb and ROHACELL® foam.  The fill thickness was held constant at 1.000 inch, 
regardless of the fill type.  Eight-ply (either fabric or tape ply) IM7/TC350 composite face sheets 
were fabricated and bonded to both sides of the fill material with Cytec FM300 structural 
adhesive (reference Figure A17 for the FM300 adhesive material properties) and Scotch-Weld 
AF555M structural film adhesive (reference Figure A18 for the AF555M film adhesive 
properties) to make up the sandwich panels. 
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Figure A17.  Cytec FM300 Adhesive Material Properties 
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Figure A18.  Scotch-Weld AF555M Film Adhesive Material Properties 
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The Al honeycomb fill material used was procured from Texas Almet part number  
3.1 1/8 .0007P 5052 (3.1 pcf), 1/8-inch hexagonal cell size, 0.0007-inch foil gauge,  
P = perforated, 5052 Al alloy).  The ROHACELL® foam used was ROHACELL® 200 WF, 
which is a closed-cell rigid polymethacrylimade foam and was procured from Evonik Industries 
(reference Figure A19 for the ROHACELL® foam material properties). 
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Figure A19.  ROHACELL® Foam WF 200 Material Properties 
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A2.3 Test Support Hardware Materials 
Mounting accelerometers to the test panels is critical for ensuring acquiring quality acceleration 
data.  The accelerometers must be fully seated 360° for optimal response.  For the initial 
pathfinder tests (using the 0.187-inch Al plate) the plate was drilled and tapped for 1/4-28 thread 
and the PCB350 accelerometers were mounted and torqued directly to the Al plate.  With the 
monolithic composite panels it is not possible to mount the accelerometers directly to the test 
panel and ensure they will remain installed during the pyroshock event.  The approach for 
mounting the accelerometers the monolithic panel was to drill and tap the composite panels with 
a 7/16-14 thread and to procure steel inserts with a 7/16-14 outer diameter thread and an inner 
diameter thread of 1/4-28.  Figure A20 shows the threaded inserts that were used for all of the 
monolithic panel tests.  The inserts were threaded into monolithic composite panels until flush 
with the front surface of the panel and bonded in place using Hysol® 9394 adhesive.  The locking 
keys were not use and were removed after installation of the inserts. 
Figure A20.  Threaded Insert for Accelerometer Mounting 
The composite sandwich panels produced new challenges for mounting the accelerometers to the 
Group II and Group III test specimen.  The installation method chosen was to procure blind 
threaded inserts, which are potted in the sandwich panel such that the top of the insert is flush 
with the front facing composite face sheet.  Mounting of the accelerometers consisted of 
threading into the insert and torque to specified torque value.  Figure A21 shows the blind insert 
that was used to install the accelerometers to the composite sandwich panel.  Figures A22 and 
A23 depict examples of the ROHACELL® Foam and Al honeycomb sandwich panels prior to 
insert installation, respectively. 
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Figure A21.  Clipnut Sandwich Panel Blind Insert for Accelerometer Mounting 
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Figure A22.  ROHACELL® Foam Sandwich Panel Prepped for Insert Installation 
  
NASA Engineering and Safety Center 
Technical Assessment Report 
Document #: 
NESC-RP-
12-00783 
Version: 
1.0 
Title: 
Empirical Model Development for Predicting Shock Response on 
Composite Materials Subjected to Pyroshock Loading 
Page #: 
73 of 793 
NESC Request No.: TI-12-00783 
Figure A23.  Al Honeycomb Sandwich Panel Prepped for Insert Installation 
For subjection of the composite panels to test, the panels are suspended at the top two corners of 
the panels using straps and shackles, with 1/2-inch fasteners.  Since the compressive strength of 
the composite sandwich panels is relatively low, it is not possible to torque the 1/-2 bolt and nut 
to 55 foot-pounds (ft-lb).  To resolve this issue stainless steel sleeves were procured and 
machined to specific lengths so the sleeve would be just under flush with the backside composite 
face sheet to accommodate the fastener torque load.  Initially, the sleeve with the flange was 
machined to length and bonded to the through hole machined in the sandwich panel.  After the 
first panel was fabricated in this manner, it was decided to machine the sleeve to remove the 
flange and not bond them to the panel.  The sleeves were inserted into the through holes in the 
panel during assembly of the panel into the test fixture.  The sleeves were re-usable and sleeve 
pairs were machined in ~ 0.010-inch length increments from 1.070 inches up to 1.140 inches.  
Figure A24 provides detail on the stainless steel composite sandwich panel mounting sleeve. 
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Note: A dash number -125 with a length of -20 fabricated from passive stainless steel was used. 
Figure A24.  Witten Company, Through-Hole Sleeve for Mounting Sandwich Panels 
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In addition to the inserts and sleeves, the test support hardware for the pyroshock testing 
included the sacrificial LSC plate, the backing support plate, and the LSC standoff shims.  The 
LSC plate and the LSC standoff shims were fabricated from 5052 Al alloy (except for the 
composite LSC plates as noted in Table 7.0-4 (test Group III)) and were expended in test, thus 
not re-usable.  Two backing support plates were fabricated from 5052 Al alloy and were re-used 
through the entire test series. 
A2.4 Melamine Acoustic Foam 
The MAF tests were not included in the baseline task assessment plan and were added to the task 
assessment plan in the August 15, 2014, scope update to the assessment plan.  The MAF used for 
these tests was procured from Soundcoat in accordance with the MSFC generated melamine 
foam drawing (reference Figure A12-2).  The acoustic foam was configured with a thin layer of 
conductive Kapton® film covering both the front and backsides of the acoustic foam.  Figure A25 
provides the material properties of the MAF and Figure A26 provides information on the 
Kapton® film. 
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Figure A25.  MAF Material Properties 
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Figure A26.  MAF Kapton® Film Data  
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A3 Fabrication 
The EM42 personnel fabricated all of the composite panels at MSFC.  The panels were 
fabricated per the steps listed in MSFC work orders approved by EM42 Engineering and the task 
assessment technical lead (see Figure A27, A28, and A29 for monolithic, sandwich, and MAF as 
typical examples).  Figure A30 shows a pictorial overview for assembly of a ROHACELL® foam 
sandwich test panel. 
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Figure A27.  Monolithic Composite Panels #1 - #5 Fabrication Work Order 
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Figure A28.  Composite Sandwich Panel #11-#18 Fabrication Work Order 
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Figure A29.  MAF Panel Fabrication Work Order 
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Figure A30.  Composite Sandwich Panel Fabrication – Pictorial Presentation 
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A3.1 Post-Panel Fabrication NDE 
Two methodologies are commonly used for NDE of composites, phased array ultrasound 
(PAUT) and flash infrared thermography.  Both of these methodologies were used for the 
IM7/R913 composite pathfinder panels.  The pathfinder composite panels were 0.20 inch thick, 
which is approaching the maximum thickness for infrared thermography inspection.  It was 
determined from inspection of the composite pathfinder panels the surface texture and overall 
panel thickness reduced the detection capability of infrared thermography.  Based on the test 
results only the phased array ultrasound inspection methodology was used for the task baseline 
IM7/TC350 composite panel NDE, which was not limited in resolution by the panel surface 
texture or thickness.  Figure A31 shows the IR thermography results and Figure A32 documents 
the phased array ultrasound results for the composite pathfinder panels. 
 NASA Engineering and Safety Center  
Technical Assessment Report  
Document #: 
NESC-RP-
12-00783 
Version: 
1.0 
Title: 
Empirical Model Development for Predicting Shock Response on 
Composite Materials Subjected to Pyroshock Loading 
Page #: 
124 of 793 
 
NESC Request No.: TI-12-00783 
 
 NASA Engineering and Safety Center  
Technical Assessment Report  
Document #: 
NESC-RP-
12-00783 
Version: 
1.0 
Title: 
Empirical Model Development for Predicting Shock Response on 
Composite Materials Subjected to Pyroshock Loading 
Page #: 
125 of 793 
 
NESC Request No.: TI-12-00783 
 
 NASA Engineering and Safety Center  
Technical Assessment Report  
Document #: 
NESC-RP-
12-00783 
Version: 
1.0 
Title: 
Empirical Model Development for Predicting Shock Response on 
Composite Materials Subjected to Pyroshock Loading 
Page #: 
126 of 793 
 
NESC Request No.: TI-12-00783 
 
 NASA Engineering and Safety Center  
Technical Assessment Report  
Document #: 
NESC-RP-
12-00783 
Version: 
1.0 
Title: 
Empirical Model Development for Predicting Shock Response on 
Composite Materials Subjected to Pyroshock Loading 
Page #: 
127 of 793 
 
NESC Request No.: TI-12-00783 
 
 NASA Engineering and Safety Center  
Technical Assessment Report  
Document #: 
NESC-RP-
12-00783 
Version: 
1.0 
Title: 
Empirical Model Development for Predicting Shock Response on 
Composite Materials Subjected to Pyroshock Loading 
Page #: 
128 of 793 
 
NESC Request No.: TI-12-00783 
 
NASA Engineering and Safety Center 
Technical Assessment Report 
Document #: 
NESC-RP-
12-00783 
Version: 
1.0 
Title: 
Empirical Model Development for Predicting Shock Response on 
Composite Materials Subjected to Pyroshock Loading 
Page #: 
129 of 793 
NESC Request No.: TI-12-00783 
 NASA Engineering and Safety Center  
Technical Assessment Report  
Document #: 
NESC-RP-
12-00783 
Version: 
1.0 
Title: 
Empirical Model Development for Predicting Shock Response on 
Composite Materials Subjected to Pyroshock Loading 
Page #: 
130 of 793 
 
NESC Request No.: TI-12-00783 
 
 NASA Engineering and Safety Center  
Technical Assessment Report  
Document #: 
NESC-RP-
12-00783 
Version: 
1.0 
Title: 
Empirical Model Development for Predicting Shock Response on 
Composite Materials Subjected to Pyroshock Loading 
Page #: 
131 of 793 
 
NESC Request No.: TI-12-00783 
 
 NASA Engineering and Safety Center  
Technical Assessment Report  
Document #: 
NESC-RP-
12-00783 
Version: 
1.0 
Title: 
Empirical Model Development for Predicting Shock Response on 
Composite Materials Subjected to Pyroshock Loading 
Page #: 
132 of 793 
 
NESC Request No.: TI-12-00783 
 
 NASA Engineering and Safety Center  
Technical Assessment Report  
Document #: 
NESC-RP-
12-00783 
Version: 
1.0 
Title: 
Empirical Model Development for Predicting Shock Response on 
Composite Materials Subjected to Pyroshock Loading 
Page #: 
133 of 793 
 
NESC Request No.: TI-12-00783 
 
 NASA Engineering and Safety Center  
Technical Assessment Report  
Document #: 
NESC-RP-
12-00783 
Version: 
1.0 
Title: 
Empirical Model Development for Predicting Shock Response on 
Composite Materials Subjected to Pyroshock Loading 
Page #: 
134 of 793 
 
NESC Request No.: TI-12-00783 
 
NASA Engineering and Safety Center 
Technical Assessment Report 
Document #: 
NESC-RP-
12-00783 
Version: 
1.0 
Title: 
Empirical Model Development for Predicting Shock Response on 
Composite Materials Subjected to Pyroshock Loading 
Page #: 
135 of 793 
NESC Request No.: TI-12-00783 
 NASA Engineering and Safety Center  
Technical Assessment Report  
Document #: 
NESC-RP-
12-00783 
Version: 
1.0 
Title: 
Empirical Model Development for Predicting Shock Response on 
Composite Materials Subjected to Pyroshock Loading 
Page #: 
136 of 793 
 
NESC Request No.: TI-12-00783 
 
 NASA Engineering and Safety Center  
Technical Assessment Report  
Document #: 
NESC-RP-
12-00783 
Version: 
1.0 
Title: 
Empirical Model Development for Predicting Shock Response on 
Composite Materials Subjected to Pyroshock Loading 
Page #: 
137 of 793 
 
NESC Request No.: TI-12-00783 
 
 NASA Engineering and Safety Center  
Technical Assessment Report  
Document #: 
NESC-RP-
12-00783 
Version: 
1.0 
Title: 
Empirical Model Development for Predicting Shock Response on 
Composite Materials Subjected to Pyroshock Loading 
Page #: 
138 of 793 
 
NESC Request No.: TI-12-00783 
 
 NASA Engineering and Safety Center  
Technical Assessment Report  
Document #: 
NESC-RP-
12-00783 
Version: 
1.0 
Title: 
Empirical Model Development for Predicting Shock Response on 
Composite Materials Subjected to Pyroshock Loading 
Page #: 
139 of 793 
 
NESC Request No.: TI-12-00783 
 
 NASA Engineering and Safety Center  
Technical Assessment Report  
Document #: 
NESC-RP-
12-00783 
Version: 
1.0 
Title: 
Empirical Model Development for Predicting Shock Response on 
Composite Materials Subjected to Pyroshock Loading 
Page #: 
140 of 793 
 
NESC Request No.: TI-12-00783 
 
 NASA Engineering and Safety Center  
Technical Assessment Report  
Document #: 
NESC-RP-
12-00783 
Version: 
1.0 
Title: 
Empirical Model Development for Predicting Shock Response on 
Composite Materials Subjected to Pyroshock Loading 
Page #: 
141 of 793 
 
NESC Request No.: TI-12-00783 
 
NASA Engineering and Safety Center 
Technical Assessment Report 
Document #: 
NESC-RP-
12-00783 
Version: 
1.0 
Title: 
Empirical Model Development for Predicting Shock Response on 
Composite Materials Subjected to Pyroshock Loading 
Page #: 
142 of 793 
NESC Request No.: TI-12-00783 
 NASA Engineering and Safety Center  
Technical Assessment Report  
Document #: 
NESC-RP-
12-00783 
Version: 
1.0 
Title: 
Empirical Model Development for Predicting Shock Response on 
Composite Materials Subjected to Pyroshock Loading 
Page #: 
143 of 793 
 
NESC Request No.: TI-12-00783 
 
 NASA Engineering and Safety Center  
Technical Assessment Report  
Document #: 
NESC-RP-
12-00783 
Version: 
1.0 
Title: 
Empirical Model Development for Predicting Shock Response on 
Composite Materials Subjected to Pyroshock Loading 
Page #: 
144 of 793 
 
NESC Request No.: TI-12-00783 
 
Figure A31.  Pathfinder Composite Flash Infrared Thermography Inspection Results 
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Figure A32.  Pathfinder Composite Phased Array Ultrasound Inspection Results 
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Figure A33 illustrates typical ultrasound inspection data of the monolithic IM7/TC350 composite 
panels and the high-level assembly quality of the panels (no significant indications were found in 
any of the TC350 composite panels). 
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Figure A33.  Ultrasound Inspection Results of Monolithic Test Panel #1 and #2 
Phased array ultrasound (also referred herein as pulse echo ultrasound) was also used for NDE of 
the composite sandwich panels.  The technique used was entirely acceptable for the through 
thickness of the composite face sheets and the bond line between the face sheets and the fill core 
material.  Results from the pulse echo ultrasound for composite sandwich panels #11 through 
#18 are documented in Figure A34.  Ultrasound inspection, however, is not a suitable NDE 
method for evaluating flaws in the foam filler core material.  A study was undertaken to evaluate 
an acceptable NDE methodology for resolving a flaw (crack) in the ROHACELL® foam.  Two 
methods were evaluated; digital radiography (DR) and computed tomography (CT).  The results 
of the study are documented in Figure A35, which show only the CT method was able to detect 
flaws in the foam filler material. 
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Figure A34.  NDE Ultrasonic Inspection Results of Composite Sandwich Panels #11 - #18. 
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Figure A35.  DR and CT Evaluation of Core Filler Material after Assembly 
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Appendix B. Pyroshock Test Reports 
B1. Pathfinder Tests 
The test report documenting the test results from pathfinder test group, tests 1 through 3 is 
documented in the attachment below. 
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